INTRODUCTION
Forage fish populations 1 in the Gulf of Alaska fluctuate in abundance over a range of temporal and spatial scales (Bechtol 1997 , Anderson & Piatt 1999 , Mueter & Norcross 2000 . After a climatic regime shift occurred in the North Pacific during the late 1970s (Francis et al. 1998 , Hare & Mantua 2000 , gadid and flatfish populations increased dramatically while shrimp and capelin Mallotus villosus populations virtually disappeared (Anderson et al. 1997 , Anderson & Piatt 1999 , Mueter & Norcross 2000 . This trophic reorganization is hypothesized to be an important contributor to declines in populations of seabirds (Piatt & Anderson 1996) and marine mammals (Merrick et al. 1987) , because lipidpoor gadids and flatfishes generally replaced lipid-rich fish species in the Gulf of Alaska food web. On a smaller temporal scale, El Niño Southern Oscillation (ENSO) events in the northern Gulf of Alaska may be associated with changes in the distribution and recruitment of pelagic juvenile stages of Pacific herring Clupea pallasi (hereafter referred to as herring) and groundfishes (Mysak 1986 , Bailey et al. 1995 , Piatt et al. 1999 . Understanding the response of fish populations to changes in physical oceanography is an important step toward understanding the effects of climatic shifts on marine piscivores (McGowan et al. 1998 , Kitaysky & Golubova 2000 , Stenseth et al. 2002 , Chavez et al. 2003 .
Forage fishes typically consume zooplankton, at least in their juvenile stage, and serve as a critical ecosystem link as they transfer energy to higher trophic levels. Myctophids (family Myctophidae), Pacific sand lance Ammodytes hexapterus (hereafter referred to as sand lance), and capelin are highly efficient in this energy transfer (Van Pelt et al. 1997 , Anthony et al. 2000 , and vary in nutritional value with season and age (Payne et al. 1999 , Robards et al. 1999a . Because most forage fishes have relatively short life spans, early maturation, and high fecundity, their populations are prone to rapid fluctuations as a result of predation and environmental change (Anderson & Piatt 1999 , Chavez et al. 2003 . Such fluctuations in forage fish populations often have direct consequences on the foraging success and survival of piscivores (Kitaysky & Golubova 2000 , Chavez et al. 2003 , especially when the reorganization of a forage fish community shifts between lipid-rich and lipid-poor species (Piatt & Anderson 1996 , Anderson & Piatt 1999 .
Previous studies in lower Cook Inlet have examined nearshore (<1 km from shore) fish communities at varying temporal (Robards et al. 1999b ) and spatial (Blackburn et al. 1980 , Abookire et al. 2000 scales, but little is known about the structure of mid-water forage fish communities on the shelf. Here we investigate 2 questions: (1) does variability in physical oceanography determine the distribution of mid-water fishes; (2) are lipid-rich and lipid-poor fish communities favored by different oceanographic conditions? To answer this, we examined geographic variability in species richness, diversity, and fish community structure, and then related axes of fish species composition to oceanic patterns in lower Cook Inlet. Multivariate axes were used to summarize the major patterns of variation in species composition, identify fish species that account for the observed changes, and examine the observed patterns of change in relation to environmental parameters (temperature, salinity, depth), area and year.
MATERIALS AND METHODS

Study area.
Cook Inlet is a large estuary in the northern Gulf of Alaska (Fig. 1) . Water circulation in lower Cook Inlet is counterclockwise, as Gulf of Alaska water enters just east of the Barren Islands, through Kennedy Entrance, and flows out along the west side of Cook Inlet, past Chisik Island, into Shelikof Strait (Royer 1975) . Waters around Chisik Island receive input from glacier-fed rivers on the mainland as well as turbid, freshwater input from large rivers at the head of Cook Inlet (Muench et al. 1978) . Kachemak Bay is a highly stratified, estuarine environment that receives oceanic, nutrient-rich water from localized upwelling in central lower Cook Inlet (Muench et al. 1978 , Abookire et al. 2000 . The Barren Islands are exposed and receive oceanic, upwelled water from the Gulf of Alaska (Drew & Piatt 2002) .
Fish collections. Fishes in lower Cook Inlet, Alaska, were sampled from 16 to 25 July 1996, 19 July to 2 August 1997, 21 July to 9 August 1998 and 25 July to 11 August 1999. Sampling was focused on waters within a 45 km radius of 3 seabird colonies in lower Cook Inlet: Duck and Chisik Islands (Chisik), Gull Island in Kachemak Bay (Kachemak), and the Barren Islands (Barrens, Fig. 1 ). Nearshore and offshore transect lines were surveyed in each area with a Biosonics DT4000 echosounder, using a 120 kHz transducer and acquisition threshold of -80 dB. Generally transect lines were similar among years, with the exception of 1996 when sampling effort extended farther west (see Speckman & Piatt 2002) . Trawl stations were selected on the basis of acoustic signal strength. When a significant fish sign was detected on the echosounder, we transited over the entire acoustic layer and then returned to the location where the signal began and sampled with a mid-water trawl through the layer.
A modified mid-water herring trawl with a mouth opening of 50 m 2 was fished from a 22 m stern trawler. Mesh sizes diminished stepwise from 5 cm in the wings to 1 cm at the codend, which was lined with 3 mm mesh. A plastic codend collecting bucket with 1000 µm mesh was detached and rinsed after each tow. A Furuno net-sounding system monitored the depth of the net headrope while fishing. The target towing speed was 2.5 knots, and all fishing occurred during daylight hours. The average tow duration was 25 min in 1996, 15 min in 1997, and 10 min in 1998 and 1999. Tow duration was reduced in an attempt to more accurately classify discrete backscatter signals with our catch. Tow start and end locations were recorded with a global positioning system unit when trawl doors were at the water surface. The distance fished was determined whenever possible as the sum distance between latitude and longitude points taken every 1 min along the tow path. Catch-per-unit-effort (CPUE) was standardized to a distance fished of 1 km, and no allowance was made for net mensuration.
Thermohaline collections. After fishing at a station, a conductivity-temperature-density instrument (CTD, Seabird Electronics, SBE-19 SEACAT profiler) was deployed to measure water temperature (°C), salinity (psu), and depth (m). Vertical CTD measurements were obtained at 1 s intervals and averaged (n ≈ 3) into 1 m depth bins. Vertical profiles of temperature (T ) and salinity (S) were visually analyzed for each tow, and a typical CTD profile from each area was plotted in a T-S diagram (Fig. 2) . T-S diagrams consider the distribution of temperature and salinity simultaneously and provide a clear visual comparison of the unique water masses in lower Cook Inlet.
Surface (<10 m) temperatures and salinities were compared among areas with separate 1-way ANOVAs by area. Assumptions for homogeneity of variances and normality were met for the ANOVAs. Bonferroni all-pairwise multiple-comparison tests followed the ANOVAs to test for differences among areas. For each station, thermohaline data were obtained at the average targeted fishing depth (m) of the net headrope and are hereafter referred to as fishing temperature and fishing salinity. Strong correlations existed between fishing depth and fishing temperature (r = 0.62), fishing depth and fishing salinity (r = 0.48), and fishing salinity and fishing temperature (r = 0.77). Because these 3 environmental variables were all highly correlated, there was not enough contrast in the data to separate their effects. Therefore, principal component analysis (PCA) was used to derive the first principal component of environmental (ENV) variables: fishing depth (m), fishing temperature (°C), and fishing salinity (psu). PCA-ENV was used as a proxy for overall variability in temperature, salinity and depth.
Fish measurements. All fishes were identified in the field to the highest taxonomic separation possible and counted; fork length (FL) was measured to the nearest millimeter with an electronic fish-measuring board (Limnoterra). Snake prickleback Lumpenus sagitta were not distinguished from slender eelblenny L. fabricii because juveniles are difficult to differentiate without a microscope; hence, they were identified to genus. If >100 individuals of the same species were captured in a single tow, a random subsample of 50 to 100 fish was measured. Only fishes of < 200 mm FL were analyzed, and they constituted the majority (96.8%) of all fishes captured. All larval fishes were omitted from analyses, as the net was not designed to effectively capture larval fishes. Statistical analyses. For each of the 3 areas sampled, the Shannon-Wiener index of species diversity (Krebs 1989) and species richness (total no. of species caught) were calculated using CPUE data. Non-metric multidimensional scaling (NMDS, Statistical Sciences 1995) was used to summarize patterns in species composition of the forage fish community based on an ordination of pairwise site dissimilarities, following Field et al. (1982) and Mueter & Norcross (1999 . NMDS was used to construct axes of species composition independently of environmental parameters (see below), thereby minimizing circular ambiguities about relationships between biota and physical parameters (Field et al. 1982) .
Frequency of occurrence was used to determine which species to consider in NMDS analyses. Only species (or genera in the case of Lumpenus spp.) present at ≥ 5% of the stations were evaluated to avoid spurious groups of rare species (Field et al. 1982) . In addition, stations with a CPUE of < 5 fish km -1 were omitted from NMDS analysis. Catch data were transformed by taking the 4th root of the CPUE (see Field et al. 1982) . The dissimilarity in species composition between each pair of sites was computed from rootroot-transformed CPUE data using the Bray-Curtis measure of dissimilarity. The resulting Bray-Curtis site dissimilarity matrix was used as an input for NMDS iterations.
The stress criterion (Kruskal 1964) was used to evaluate goodness-of-fit for the final NMDS model, as it measures how well the pairwise distances in the final NMDS configuration approximate true distances in the Bray-Curtis dissimilarity matrix. The initial NMDS ordination was carried out in 2 dimensions, and the number of dimensions was increased until a Kruskal's stress <15% was achieved (Mueter & Norcross 2000) . The orientation of axes derived from NMDS is arbitrary, and therefore the solution was rotated so that the first axis corresponded to the axis of maximum variation (Field et al. 1982) .
In the final NMDS configuration, station 'scores', which were assigned from the Bray-Curtis dissimilarity matrix to each station along each axis, were used as indices of species composition (hereafter referred to as axes). Station scores were correlated with fish CPUE along each of the rotated axes using Spearman rankcorrelation to interpret which species were represented by each axis. A species was associated with an axis if it had a rank-correlation of ± 0.35 or greater (Mueter & Norcross 2000) . Each axis was strongly rank-correlated with unique groups of species and interpreted to represent independent aspects of community composition.
NMDS axes were then related to PCA-ENV using multiple regression. Additionally, station scores along each axis were examined for relation to area (Chisik, Kachemak, Barrens) and year (1996 to 1999) using Kruskal-Wallis rank-sum tests, where the parameter 'H ' is the Kruskal-Wallis test statistic, followed by Kruskal-Wallis multiple Z-value comparison tests. Significance for all tests was established at p < 0.05.
RESULTS
Sampling sites ranged in bottom depth from 10 to 197 m, and fishing depth from 5 to 110 m. Most fish (93%) were captured at mid-water depths < 40 m. Among the CTD profiles (n = 163), fishing temperature and fishing salinity ranged from 7.3 to 12.8°C and 27.4 to 32.5 psu, respectively. Typically, waters around Chisik were warmest and least saline throughout the water column (Fig. 2) . Surface water (<10 m) temperatures were significantly warmer at Chisik than at Kachemak or the Barrens (ANOVA: F = 26.37, df = 2, p < 0.0001, Fig. 3 ). Surface water (<10 m) salinities varied significantly among all areas (ANOVA: F = 40.80, df = 2, p < 0.0001); salinity values were lowest at Chisik, moderate in Kachemak, and highest at the Barrens (Fig. 3) . Kachemak surface temperatures reflected the input of upwelled, oceanic water from the Barrens. Throughout the water column, thermohaline values at the Barrens were the most dense (Fig. 2) , representing the oceanic influence from the Gulf of Alaska in that area.
Overall, 229 437 fishes were collected in 163 midwater tows during 1996 to 1999 (Table 1) . Of the 39 species collected, sand lance, herring, and walleye pollock Theragra chalcogramma (hereafter referred to as Water column at Chisik was warmest, least saline, and least dense of the 3 areas; at the Barrens, water density was greatest and remained relatively constant from surface to depth, a result of turbulent mixing of entire water column in that area pollock) comprised 97.5% of the total individuals (Table 1) . Sand lance was the most frequently captured species and was present at 61% of the stations. The relative abundance of juvenile pollock declined from 1996 to 1999. A 4th species, capelin, contributed 1.7% of the total species composition, and catch varied both geographically (Table 1) and interannually (e.g. 76% of capelin were caught in 1999). General geographic patterns in species diversity and richness were apparent. Mid-water catches near Chisik were the most diverse (Table 1) , and several species comprised >1% of the community composition: capelin (23.5%), longfin smelt Spirinchus thaleichthys (4.5%), pollock (1.9%), pink salmon Oncorhynchus gorbuscha (1.7%), Pacific sandfish Trichodon trichodon (1.6%), Lumpenus spp. (1.5%), and chinook salmon Oncorhynchus tshawytscha (1.3%). Chisik had the highest species richness among areas (32 species), twice the number found at the Barrens (Table 1) . Midwater catches at the Barrens and Kachemak were usually single-species (sand lance) schools or a mixture of sand lance with either pollock (Kachemak) or herring (Barrens).
NMDS results
The final NMDS ordination of species abundance considered 141 stations and had 3 dimensions, with a stress value of 12%. Each of the 3 axes represents a distinct group of fishes. Axis 1 accounted for 49.7% of the overall variation in fish community composition and had strong positive rank-correlations with CPUE of sand lance and herring and a strong negative rankcorrelation with pollock (Table 2) . Axis 2 accounted for 27.1% of the overall variation in fish community composition. Sand lance was the only species positively correlated with Axis 2, while 6 species negatively correlated with Axis 2, thus contrasting sand lance with chinook salmon, Pacific sandfish, longfin smelt, pink salmon, Lumpenus spp. and Pacific cod Gadus macrocephalus. Axis 3 accounted for the least variation (23.2%) in fish community composition and had a strong positive rank-correlation with capelin and a strong negative rank-correlation with Pacific cod. Sockeye salmon Oncorhynchus nerka and prowfish Zaprora silenus did not correspond with any of the 3 axes (Table 2) ; thus, the variability in their distribution was not captured by the final NMDS configuration.
NMDS variation in relation to physical parameters
The PCA-ENV variable explained 75.2% of the variation in fishing temperature (°C), salinity (psu), and depth (m). Correlations between PCA-ENV and fishing temperature, salinity and depth were -0.93, 0.86 and 0.79, respectively, so that positive PCA-ENV values indicate cold, saline, deep habitats and negative values warm, fresher, shallow habitats.
Almost half the variation in NMDS Axis 1 was accounted for by physical parameters represented in PCA-ENV (r 2 = 0.41, p < 0.0001, Fig. 4 ). Pollock were associated with relatively cold, saline and deep water. Conversely, sand lance and herring were more abundant in relatively warm, less saline and shallow water (Fig. 4) . These 2 species co-occurred at 47 sites that were typically nearshore, with an average station depth of 40 m. Fishing depth at these sites was shallow (x = 19 m) and had warm average temperature (x = 10.7°C) and low average salinity (x = 30.7 psu). In contrast, sites where pollock were present had an average fishing depth of 40 m, average temperature of 9°C, and average salinity of 31.7 psu. Axis 1 captures the geographic variability in forage fish communities in the upwelling 'cold core' area of lower Cook Inlet from the Barrens and mouth of Cook Inlet to Kachemak Bay (Kruskal-Wallis test statistic H = 19.52, df = 2, p < 0.0001, Fig. 5) .
The PCA-ENV variable accounted for some variation in NMDS Axis 2 (r 2 = 0.12, p < 0.0001, Fig. 4) . The relationship between Axis 2 and PCA-ENV indicates that the community represented by chinook salmon, pink salmon, Lumpenus spp., Pacific sandfish, Pacific cod and longfin smelt tends to be associated with warmer, less saline and shallower mid-water habitats than those occupied by sand lance (relatively colder, more saline, deeper). Geographically, Axis 2 was significantly most negative at Chisik and most positive at the Barrens (H = 22.17, df = 2, p < 0.0001, Fig. 5 ), indicating that sand lance were caught mostly in southern Cook Inlet, while most other species (salmonids, Lumpenus spp., Pacific sandfish, longfin smelt) with negative correlations were caught mainly in northern lower Cook Inlet around Chisik (Table 1) . This result corresponds with high values of species diversity and richness at Chisik. Axis 2 essentially captures the spatial variability in forage fish communities from the north (Chisik) to the south (Barrens) of lower Cook Inlet, possibly in relation to the salinity and temperature gradients among areas (Figs. 2 & 3) . Sand lance were the most abundant species in the study area (Table 1) herring tended to be offshore and had an average bottom depth of 63 m. Fishing depth at these sites was deeper (x = 31 m), with a cooler average temperature (x = 9.6°C), and a higher average salinity (x = 31.1 psu) than those habitats with both herring and sand lance present. The PCA-ENV variable did not account for variation in NMDS Axis 3 (r 2 = 0.01, p = 0.3289). Axis 3 indicates that capelin and Pacific cod are negatively spatially associated (Table 2 ), but this negative association was not related to physical parameters such as temperature or salinity. Variation in Axis 3 was, however, related to area (H = 27.95, df = 2, p < 0.0001, Fig. 6 ). Juvenile Pacific cod were more abundant in Kachemak, while capelin were more abundant in Chisik and the Barrens.
NMDS variation in relation to year
All NMDS axes varied significantly among years. Axis 1 was more negative in 1996 than in any other year, and 1996 and 1997 were more negative than 1999 (H = 38.38, df = 3, p < 0.0001, Fig. 6 ), thereby indicating that from 1996 to 1999 the relative abundance of pollock (lipid-poor) decreased significantly while that of sand lance (lipid-rich) and herring increased significantly (Table 2) . Axis 2 was more negative in 1997 than in any other year (H = 13.06, df = 3, p = 0.0045), but it was difficult to interpret interannual variation in Axis 2 without a clear increasing or decreasing trend among years. Axis 3 was most positive in 1999 (H = 18.51, df = 3, p = 0.0003, Fig. 6 ), corresponding to a positive rank of capelin (lipid-rich) and a negative rank of Pacific cod (lipid-poor, Table 2 Fig. 4 . Scatter-plots of non-metric multidimensional scaling (NMDS) Axes 1 and 2 in relation to environmental variable (principal component analysis, PCA-ENV). Each y-axis is labeled with fish species that represent a positive or negative index of species composition (see Table 2 ); along x-axis, positive PCA-ENV value indicates cold, deep, more saline water, negative value warm, shallow, less saline water. Linear regression lines were plotted and corresponding values for p, r 2 and n are given. PCA-ENV variable did not account for significant variation in Axis 3 and is not shown dance of capelin in the mid-water fish community increased significantly, while the relative abundance of Pacific cod decreased.
DISCUSSION
The forage fish community in lower Cook Inlet is primarily structured along temperature and salinity gradients. Wide ranges of mid-water habitats were sampled, ranging from highly stratified and estuarine to upwelled, exposed areas. Among all the habitats sampled, fishing temperature, salinity and depth explained 41% of the spatial variability for 97% of the fish captured in trawls (Fig. 4) , as represented by the dominant species of sand lance, herring and pollock. Because forage fishes vary markedly in nutritive value, this spatial variability results in structuring of local areas into lipid-poor (Chisik) and lipidrich (Kachemak, the Barrens) communities. Furthermore, piscivore populations in lower Cook Inlet have correspondingly declined where the prey base is lipid-poor (Chisik) and increased in the lipid-rich regions of Kachemak and the Barrens (Piatt & Anderson 1996 , Piatt 2002 . Our findings may extend to much larger spatial scales. Recent evidence indicates that water temperature plays a major role in structuring fish communities in the north Pacific, as seen in the spatial organization of nearshore demersal fish assemblages (Mueter & Norcross 1999 ) and a multidecadal reorganization of forage fishes and groundfishes in the Gulf of Alaska (Anderson & Piatt 1999 , Mueter & Norcross 2000 . Again, this structuring has resulted in longterm changes in diet composition of piscivorous predators such as seabirds and marine mammals, and corresponding changes in their biology and population size (Piatt & Anderson 1996 , Francis et al. 1998 .
Species richness and diversity
The range of water temperatures and salinities in the stratified water column at Chisik yielded the highest species richness and diversity. Collections at Chisik consisted of some high-lipid fishes (especially osmerids) and mostly lower-lipid species (salmonids, Pacific sandfish and Lumpenus spp.). The warm, low-salinity surface waters at Chisik provided a different habitat from that at (1996 to 1999) . All axes varied significantly among years. Interannual variation in Axis 1 indicates that from 1996 to 1999 relative abundance of pollock (lipid-poor) decreased significantly while that of sand lance (lipid-rich) and herring increased significantly (Table 2) , interannual variation in Axis 3 indicates that from 1996 to 1999 relative abundance of high-lipid capelin in mid-water fish community increased significantly, while relative abundance of low-lipid Pacific cod decreased Kachemak and the Barrens, and promoted a more diverse fish assemblage. Juvenile salmonids and osmerids need lower-salinity water in order to acclimatize to marine conditions (St. John et al. 1992) . Additionally, for juvenile salmonids, salinity gradients act as an orientation mechanism during outward migration from a freshwater habitat to an oceanic habitat (McInerney 1964) , and in upper Cook Inlet the abundance of juvenile salmonids is inversely correlated with surface salinity (Moulton 1997) . Kachemak Bay is a mixture of estuarine waters, with some input from oceanic, upwelled waters (Muench et al. 1978 , Abookire et al. 2000 ; consequently, thermohaline values in Kachemak Bay lay between those at Chisik and the Barrens. While species diversity was lowest in Kachemak Bay, species richness there was intermediate between that in the Barrens and in Chisik. In contrast, in the Barren Islands, where upwelling occurs regularly (Muench et al. 1978) and waters are the most oceanic, species richness was lowest, and mid-water fish schools were dominated by 1 to 2 species, mostly pollock in offshore waters and sand lance in nearshore waters.
Spatial variation in the mid-water fish community
Spatial patterns in the mid-water fish community of Cook Inlet were similar to those found nearshore. Sand lance dominated the mid-water fish community and were ubiquitous on the shelf throughout lower Cook Inlet. Similarly, sand lance dominated the nearshore fish communities in Kachemak Bay and on the west side of Kodiak Island in the 1970s (Blackburn & Anderson 1997) as well as in lower Cook Inlet in the late 1990s (Robards et al. 1999b) . Large single-species schools of sand lance were captured in waters that were colder and more saline than those with both herring and sand lance present. While sand lance concentrate in surface layers of stratified estuaries (McGurk & Warburton 1992 , Abookire et al. 2000 , they are also commonly found in bays, inshore waters, and over continental shelves (McGurk & Warburton 1992 and references therein, Robards et al. 2002) . Given that sand lance can exploit a wide range of thermohaline habitats, it is not surprising that they dominate the forage fish community in lower Cook Inlet.
Mid-water schools of herring were captured on the shelf in association with dense aggregations of sand lance. This species association was also observed in nearshore waters of lower Cook Inlet in the late 1970s (Blackburn & Anderson 1997) . Juvenile herring concentrate nearshore and at the surface (Hourston 1958 , Sturdevant et al. 2001 , in stratified estuaries (Abookire et al. 2000) , and especially in areas with freshwater input where they benefit from increased concentrations of zooplankton (St. John et al. 1992) . In lower Cook Inlet, herring are restricted to warmer, less saline habitats, which sand lance may also occupy but to which they are not limited.
The 2 species of gadids (both lipid-poor) distributed themselves in different areas and differently with respect to oceanographic parameters. Pollock were abundant in cold, more saline waters that were usually associated with deeper water. However, pollock were occasionally captured at shallow (<10 m) depths that had low temperatures and high salinity, located in the 'cold core' upwelling region of lower Cook Inlet. Similarly, Wilson et al. (1996) captured Age 0 walleye pollock (44 to 102 mm) at depths from near-surface to near-bottom (200 m) and suggested that their vertical positioning over a range of depths may be influenced by a suite of environmental variables including temperature, light, diel period and thermocline depth. The warm, less saline waters at Chisik probably exclude pollock, which tended to concentrate around the Barrens and in Kachemak. In contrast, Pacific cod were distributed in nearshore habitats that were warmer and less saline than those used by pollock. Concentrations of Pacific cod in Kachemak may reflect their occasional use of Kachemak Bay as a nursery area once they settle to a demersal habitat (Abookire et al. 2001) .
Temporal variation in the mid-water fish community
From 1996 to 1999 sand lance and herring increased in the forage fish community in lower Cook Inlet. This may have been related in part to the 1997/1998 ENSO event that elevated sea-surface temperatures by 1 to 2°C above average during the summer of 1998, and warmed the entire water column by >1°C during the fall and winter of 1997 to 1998 in the Gulf of Alaska (Piatt et al. 1999 ) and in lower Cook Inlet (Drew & Piatt 2002) . Because sand lance spawn in October and larvae hatch by late December (Robards et al. 1999c) , the warmer waters in winter 1997/1998 may have enhanced sand lance growth and survival. Robards et al. (2002) found that juvenile sand lance grew most slowly at Chisik, moderately fast in Kachemak, and fastest at the Barrens. They concluded that while these growth differences corresponded to spatially distinct thermohaline habitats, sand lance growth and recruitment was more likely to be affected by changes in their planktonic food than by temperature alone. Likewise, in the North Sea, poor recruitment of Ammodytes marinus occurred in warm years due to the negative effects of water temperature on abundance of their copepod prey (Arnott & Ruxton 2002) .
Because capelin abundance declined sharply in the North Pacific during the regime shift of the late 1970s, they are regarded as an indicator species for changing environmental or ecological conditions (Piatt & Anderson 1996 , Anderson & Piatt 1999 , Anderson 2000 . The relative abundance of capelin in the mid-water fish community of lower Cook Inlet increased in 1999, a year with cooler surface temperatures (NOAA NOS website, 23 May2003: www.co-ops.nos.noaa.gov/). Capelin may have been responding to an overall cooling trend of water temperatures in the North Pacific (Hare & Mantua 2000 , Chavez et al. 2003 . In cold years, the capelin spawning season is delayed (Methven & Piatt 1991 , Carscadden et al. 1997 ) and better synchronized with the zooplankton bloom (Mackas et al. 1998) , thereby providing a mechanism for their increased growth and survival during cool years.
While restricted to a moderately sized geographic area, the interannual variation in the mid-water fish community structure in lower Cook Inlet is interesting in the context of the decadal regime shift that occurred in the Gulf of Alaska ( . Warmer water temperatures have also been advantageous to walleye pollock survival in the Bering Sea, where cold years yield lower pollock recruitment (Walsh & McRoy 1986) . The decrease in relative abundance of juvenile gadids (both pollock and Pacific cod) combined with the increase in capelin from 1996 to 1999 provide biological support for the suggestion that the Pacific Ocean will shift back to a cool regime (Chavez et al. 2003) . In 1999, sea-surface temperatures in the Gulf of Alaska near Kodiak, Alaska, were the coldest on record since 1974 (NOAA data). While lower Cook Inlet comprises only a small geographical area of the Gulf of Alaska, from 1971 to 2000 similar trends in surface-water temperature have been observed in both Kachemak Bay (Drew & Piatt 2002 ) and the Gulf of Alaska (Royer 1989 , Anderson & Piatt 1999 , Hare & Mantua 2000 .
CONCLUSION
The forage fish community in lower Cook Inlet was structured along gradients of temperature and salinity. Different oceanographic conditions structured forage fishes into lipid-rich and lipid-poor communities. The large temperature and salinity differential between estuarine (Chisik) and oceanic (the Barrens) habitats in lower Cook Inlet allows mid-water fishes to distribute themselves amongst a wide range of thermohaline habitats in the water column. On the other hand, dependence on specific thermohaline habitats may constrain populations and provide a mechanism for the effect of climatic forcing on marine fish assemblages (McGowan et al. 1998 , Attrill & Power 2002 , Chavez et al. 2003 . Interannual trends in relative abundance of gadids (lipidpoor) and capelin (lipid-rich) in lower Cook Inlet support suggestions that there has been a large-scale shift to a cool regime in the Pacific Ocean during the late 1990s (Chavez et al. 2003) . Because forage fishes vary in lipid content and caloric value, a shift in ocean climate could have direct consequences on the foraging success and survival of piscivores through a reorganization of forage fish community-structure.
